We study matter-coupled N = 3 gauged supergravity in four dimensions with various semisimple gauge groups. When coupled to n vector multiplets, the gauged supergravity contains 3 + n vector fields and 3n complex scalars parametrized by SU (3, n)/SU (3) × SU (n) × U (1) coset manifold. Semisimple gauge groups take the form of G 0 × H ⊂ SO(3, n) ⊂ SU (3, n) with H being a compact subgroup of SO(n + 3 − dim(G 0 )). The G 0 groups considered in this paper are of the form SO(3), SO(3, 1), SO(2, 2), SL(3, R) and SO(2, 1) × SO(2, 2). We find that SO(3) × SO(3), SO(3, 1) and SL(3, R) gauge groups admit a maximally supersymmetric AdS 4 critical point. The SO(2, 1) × SO(2, 2) gauge group admits a supersymmetric Minkowski vacuum while the remaining gauge groups admit both halfsupersymmetric domain wall vacua and AdS 4 vacua with completely broken supersymmetry. For the SO(3) × SO(3) gauge group, there exists another supersymmetric N = 3 AdS 4 critical point with SO(3) diag symmetry. We explicitly give a detailed study of various holographic RG flows between AdS 4 critical points, flows to non-conformal theories and supersymmetric domain walls in each gauge group. The results provide gravity duals of N = 3 Chern-Simons-Matter theories in three dimensions.
Introduction
The AdS/CFT correspondence has attracted a lot of attentions since its original proposal in [1] . The correspondence provides a duality relation between a gravity theory in AdS d+1 space and a strongly coupled conformal field theory in d dimensions. The correspondence has also been extended to the case of non-conformal field theories in the form of the domain wall/quantum field theory (DW/QFT) correspondence [2] . These provide a useful tool to understand strongly coupled gauge theories in various space-time dimensions.
AdS 4 /CFT 3 correspondence is particularly interesting in many aspects. In M-theory, AdS 4 × X 7 geometries, with X 7 being an internal compact 7-dimensional manifold, arise naturally from a near horizon limit of M2-brane configurations. AdS 4 /CFT 3 correspondence is then expected to shed some light on the dynamics of a strongly coupled worldvolume theory on M2-branes [3, 4] . And, more recently, the correspondence has also been applied to condensed matter physics systems, see for example [5, 6, 7] .
As in other dimensions, working in lower-dimensional gauged supergravity has proved to be useful and efficient. In the lower-dimensional point of view, the AdS 4 × X 7 geometries are identified with the vacua of the scalar potential in the gauged supergravity theory, and the isometries of the internal manifold correspond to the gauge symmetry or its unbroken subgroup at the AdS 4 vacua. For the case of X 7 = S 7 , the resulting AdS 4 × S 7 geometry preserves maximal supersymmetry. The effective gauged supergravity in this case is the maximal N = 8 SO(8) gauged supergravity in four dimensions constructed in [8] . The holographic study within this gauged supergravity has been investigated in many previous works, see for example [9, 10, 11, 12, 13] . These results give a description of the deformations leading to various types of RG flows in the dual superconformal field theories (SCFTs) in three dimensions.
For N > 2 supersymmetry, there is a unique non-maximal AdS 4 solution from a compactification of eleven-dimensional supergravity with unbroken N = 3 supersymmetry in four dimensions [14] . In this case, the internal manifold is a tri-sasakian N 010 with SU(2) × SU(3) isometry. The corresponding Kaluza-Klein spectrum has been given in [15] , and the structure of N = 3 multiplets has been further investigated in [16] . The properties of the possible dual SCFT to this background in term of Chern-Simons-Matter theory with SU(3) flavor symmetry has been proposed in [17, 18] . The gravity dual of this N = 3 SCFT has been studied in many references, see for example [19, 20, 21, 22, 23, 24] . In these results, the four-dimensional scalar potentials, encoding various deformations of the dual SCFT, have been obtained from compactifications of eleven-dimensional supergravity restricted to particular field configurations.
It has been pointed out in [15] and [16] that AdS 4 ×N 010 compactification can be described by an effective theory in the form of N = 3, SO(3) × SU(3) gauged supergravity coupled to eight vector multiplets constructed in [25, 26, 27] .
Many supersymmetric deformations of the maximally supersymmetric AdS 4 critical point including a new AdS 4 critical point with SO(3) × U(1) symmetry have been identified in a recent work [28] . The eleven-dimensional configurations corresponding to these gravity solutions might be obtained by a consistent reduction ansatz, to be explicitly identified.
Apart from a simple compact gauge group studied in [28] , it is natural to consider other types of gauge groups. As in other matter-coupled supergravity, there are many possible gauged groups for N = 3 gauged supergravity coupled to n vector multiplets, the only existing matter in N = 3 supersymmetry. These gauge groups are in general subgroups of the global, duality, symmetry group SU (3, n) . In this paper, we will consider N = 3 gauged supergravity coupled to n vector multiplets with compact and non-compact gauge groups G ⊂ SO(3, n) ⊂ SU (3, n) . In each gauge group, we will study the scalar potential restricted on scalar submanifolds, which are invariant under particular subgroups of the full gauge group under consideration, and identify supersymmetric vacua as well as possible RG flow solutions describing supersymmetric deformations in the dual gauge theories in three dimensions.
The paper is organized as follow. In section 2, N = 3 gauged supergravity coupled to n vector multiplets is reviewed along with possible semisimple gauge groups allowed by supersymmetry. The scalar potential of each gauge group is investigated separately in subsequent sections in which possible supersymmetric vacua in the form of an AdS 4 or a domain wall for different scalar submanifolds are classified. Conclusions and comments on the results are presented in section 8.
2 N = 3 gauged supergravity with compact and non-compact gauge groups
We begin with a review of N = 3 gauged supergravity in four space-time dimensions constructed in [25, 26, 27] . We will closely follow most of the notations in [25] but in the mostly plus metric signature (− + ++). N = 3 supersymmetry in four dimensions contains twelve supercharges. Apart from the supergravity multiplet, the only matter multiplets are in the form of vector multiplets. The supergravity multiplet contains the following field content (e a µ , ψ µA , A µA , χ)
which are given respectively by a graviton e a µ , three gravitini ψ µA , three vectors A µA and one spinor field χ. Indices A, B, . . . = 1, 2, 3 denote the SU(3) R Rsymmetry triplets while µ, ν, . . . = 0, . . . , 3 and a, b, . . . = 0, . . . , 3 are respectively space-time and tangent space indices. Throughout the paper, spinor indices will not be shown explicitly.
Each of the n vector multiplets has one vector field, four spinor fields which are a triplet and a singlet of SU(3) R , and three complex scalars
with indices i, j, . . . = 1, . . . , n labeling each of the vector multiplets. All spinors are subject to the chirality projection conditions
When coupled to n vector multiplets, the supergravity theory consists of 3n complex or 6n real scalar fields z i A parametrized by the coset space SU(3, n)/SU(3)× SU(n) × U(1). The scalars can be parametrized by the coset representative L(z) Σ Λ which transforms under the global G = SU(3, n) and the local H = SU(3) × SU(n) × U(1) symmetries by left and right multiplications, respectively. Indices Λ, Σ, . . . = (A, i) take the values 1, . . . , n + 3. The indices i, j, . . . are used to label the fundamental representation of SU(n). The coset representative can be accordingly split as follow
where J ΛΣ is an SU(3, n) invariant tensor given by
There are n + 3 vector fields, three from the gravity multiplet and n from the vector multiplets, which can be written collectively by a single notation A Λ = (A A , A i ). Accompanied by their magnetic dual, the n+3 vector fields transform in the fundamental representation n + 3 of the global symmetry SU(3, n). The Lagrangian consisting of n + 3 "electric" vectors is invariant only under the SO(3, n) subgroup of the duality symmetry SU(3, n). It has been argued in [25] that possible gauge groups are subgroups of SO(3, n) which transform the vector fields among themselves. When restricted to SO(3, n), the fundamental, complex, representation of SU(3, n) split into two fundamental, real, representations of SO(3, n)
The (3 + n) R representation of SO(3, n) in turn will become the adjoint representation of the gauge group. When a particular subgroupG ⊂ SO(3, n) ⊂ SU(3, n) is gauged, the SO(3, n) global symmetry of the Lagrangian is broken toG. The gauge field strengths become non-abelian defined by
where f Γ ΛΣ are the structure constants of the gauge group. The gauge generators T Λ satisfy theG Lie algebra
It should be noted thatG needs not be simple, and each simple factor can have different coupling constants. Furthermore, in the presence of gaugings, the Mourer-Cartan one-form on the scalar manifold gets modified by the gauge fields appearing in the covariant derivative of
In the following, we will omit all of the gauge fields since we are only interested in supersymmetric solutions with only the metric and scalars non-vanishing. Supersymmetry requires that, for any gauge group consistent with supersymmetry, the tensor
must be totally antisymmetric. The consistency condition can be satisfied by taking J ΛΣ to be the Killing form of the (n + 3)-dimensional gauge groupG. Since J ΛΣ has indefinite signs of the eigenvalues, the gauge groups can be both compact and non-compact types. Furthermore, since J ΛΣ has three positive eigenvalues but arbitrarily large number of negative eigenvalues depending on the number of vector fields, the gauge group can have at most three compact or at most three non-compact directions. Among the possible gauge groups, SO(3) × H n , SO(3, 1) × H n−3 and SO(2, 2) × H n−3 groups, with H n being an n-dimensional compact group, have been pointed out in [25] and [29] . However, the consistency condition and the global symmetry SO(3, n) in which the gauge group can be embedded are very similar to the half-maximal gauged supergravity in seven dimensions constructed in [30] , and a number of possible gauge groups have been listed in [31] . We then expect that possible gauge groups of the N = 3 gauged supergravity considered here should follow the same structure.
Due to the restriction on the number of compact or non-compact directions of the gauge group mentioned above, all possible semisimple gauge groups accordingly take the form of G 0 × H with H being a compact group of dimension n + 3 − dim(G 0 ). It has been pointed out in [31] that G 0 is a compact or non-compact group taking one of the following forms
All of these G 0 actually give rise to the gauge groups G 0 × H with f ΛΣΓ = f [ΛΣΓ] . Therefore, they are admissible gauge groups of the N = 3 gauged supergravity coupled to vector multiplets.
The bosonic Lagrangian of the N = 3 gauged supergravity, with all but the metric and scalars vanishing, can be written as
The vielbein P * . The scalar potential is written in terms of the "boosted structure constants"
where
Various tensors appearing in the above equation are defined by
Other important ingredients for finding supersymmetric solutions are supersymmetry transformations of fermions
The covariant derivative on the supersymmetry parameter ǫ A is defined by 
SO(3) × SO(3) gauge group
We begin with a simple compact gauge group of the form SO(3) × SO(3) with G 0 = SO(3) and H 3 = SO(3). This gauged supergravity can be obtained from N = 3 supergravity coupled to three vector multiplets. The structure constants are given by
In this case, there are 18 scalars parametrized by the SU(3, 3)/SU(3) × SU(3) × U(1) coset manifold. To parametrize this manifold and the other related ones needed in subsequent sections, we introduce the following 6n non-compact generators for a general
where i = 1, . . . , n and (e ΛΣ ) Γ∆ = δ ΛΓ δ Σ∆ .
AdS 4 vacua and RG flows with SO(3) symmetry
We first consider scalars which are singlets of
. From now on, we will neglect all the U(1) charges for simplicity since they will not play any important role. With the embedding of SO(3) in SU(3) such that 3 → 3 and3 → 3, there are two SO(3) diag singlets among the 18 scalars according to the decomposition
These singlets correspond to the following SU(3, 3) non-compact generators
The coset representative can be parametrized by
The scalar potential is computed to be
We find that this potential admits two supersymmetric AdS 4 critical points. The first one occurs at Φ 1 = Φ 2 = 0 with the cosmological constant and the AdS 4 radius given by
Another critical point is given by
,
It should be noted that reality of Φ 1 requires that g To check for the unbroken supersymmetry and set up BPS equations for studying supersymmetric domain wall solutions, we consider supersymmetry transformations of χ, λ i , λ iA and ψ µA . The four-dimensional metric is taken to be
and the two scalars Φ 1,2 only depend on r. δχ = 0 equations are identically satisfied since C M A M = 0 in the present case. We will use Majorana representation for gamma matrices in which all of the gamma matrices γ a are real. The chirality matrix γ 5 = iγ 0 γ 1 γ 2 γ 3 is then purely imaginary. This implies that ǫ A and ǫ A are related by a complex conjugation, ǫ A = (ǫ A ) * . In the following analysis, we will use the same procedure as in [28] . With the projection condition
where e iΛ is a phase factor, the equations for δλ i = 0 and δλ iA = 0 reduce to two equations
. For this particular coset representative consisting of only SO(3) diag singlets, S AB is diagonal with
where the "superpotential" W is given by
With this, δψ µA = 0 equations for µ = 0, 1, 2 become
By writing W = |W|e iω and separating the real and imaginary parts of (35), we find
where W = |W| will play the role of the "real superpotential". The second equation gives e iΛ = ±e iω . Equation (32) implies Φ ′ 2 = 0. Consistency with the field equations requires that Φ 2 = 0. We then set Φ 2 = 0 in the remaining analysis. Furthermore, setting Φ 2 = 0 gives a real W since ω = 0. In this case, we simply have e iΛ = ±1, and the BPS equations (32) and (35) become
These equations admit precisely two AdS 4 solutions with N = 3 supersymmetry identified previously. The corresponding Killing spinors could be obtained from δψ rA = 0 which eventually gives, as in many other cases,
It should also be noted that equations (38) and (39) are similar to those studied in [28] within the N = 3 gauged supergravity with SO(3) × SU(3) gauge group. The solution interpolating between the two supersymmetric AdS 4 critical points can be found similarly. The upper signs will be chosen in order to identify the UV critical point at Φ 1 = 0 with r → ∞. The resulting solution is given by
where we have omitted all irrelevant additive integration constants.
As r → ∞, we find
This implies that the flow is driven by a relevant operator of dimension ∆ = 1, 2 in the UV. In the IR as r → −∞, we find
which shows that the operator dual to Φ 1 becomes irrelevant with dimension ∆ = 4. This precisely agrees with the scalar masses given previously.
Other interesting IR behaviors of the above solution are flows to large values of |Φ 1 |. These correspond to flows from conformal field theories, identified with the AdS 4 critical points, to non-conformal gauge theories in the IR. As Φ 1 → ∞, the above solution gives
where C is a constant that can be removed by shifting the coordinate r. For Φ 1 → −∞, we find
In the above solutions, there is a singularity at r ∼ − C g 1 ±g 2
. However, the singularity is physically acceptable according to the criterion of [32] since the potential is bounded above as can be checked from (27) that
RG flows with SO(2) × SO(2) symmetry
We now move to a scalar submanifold invariant under SO(2) diag ⊂ SO(2) × SO(2) ⊂ SO(3) × SO(3) symmetry. There are six singlets corresponding to SU(3, 3) noncompact generators
The scalar potential turns out to be far more complicated than the SO(3) singlet scalars. We will present the results for some consistent truncations of the full potential.
We first give the result for SO(2) × SO(2) singlet scalars. These scalars correspond to Φ 1 and Φ 2 . The scalar potential is given by
It is clearly seen that this potential admits only a critical point at Φ 1 = Φ 2 = 0 which is the SO(3) × SO(3) critical point. By using the same projector as in the previous case, we can set up the relevant BPS equations as follow. In this case, the matrix S AB is given by
It should be noted that, when Φ 1 = 0 or Φ 2 = 0, W 1 and W 2 coincide. For Φ 1 = 0 and Φ 2 = 0, it turns out that W 2 provides the true superpotential in term of which the scalar potential (49) can be written as
With the scalar kinetic terms
we find G αβ = diag(− cosh 2 (2Φ 2 ), −1), and G αβ is the inverse of G αβ with Φ α = (Φ 1 , Φ 2 ) .
The BPS equations coming from δψ µA = 0, µ = 0, 1, 2, become
and e iΛ = ±e iω with W 2 = |W 2 |e iω . It should also be noted that for Φ 1 = 0 and Φ 2 = 0, only the supersymmetry corresponding to ǫ 3 can be preserved since we need to set ǫ 1,2 = 0 in the δψ µA equations. Therefore, together with the γ r projection, the solution will preserve only two supercharges or N = 1 Poincare supersymmetry in three dimensions.
The conditions δλ iA = 0 are identically satisfied for ǫ 1,2 = 0 while δλ i = 0 equations give
This will give the flow equations for Φ 1 and Φ 2 . Using the above result for e iΛ = ±e iω , it can be verified that the flow equations can be written as
or explicitly
We are not able to solve the above equations completely, but by combining the two equations, we find a relation between Φ 1 and Φ 2 coth(2Φ 2 ) = e
The full flow solution would require some numerical analysis. In the following, we will simply give the asymptotic behaviors at Φ 1,2 ∼ 0 and large |Φ α |. Identifying r → ∞ as the UV fixed point, we find
As Φ 2 → ±∞, we find
where Φ 0 is a constant. For convenience, we have put the singularity at r = 0 by choosing an integration constant. For Φ 1 → ±∞, the solution becomes
All of these flows give V → −∞ and are physical.
As noted before for Φ 1 or Φ 2 vanishing, the eigenvalues of S AB degenerate W 1 = W 2 , and the BPS equations coming from δλ i = 0 and δλ iA = 0 are identical. The resulting equations for Φ 1 = 0 and Φ 2 = 0 cases turn out to be symmetric. In the following, we will set Φ 2 = 0 for definiteness. The flow equations reduce to
with a simple solutions
At large r, we find Φ 1 ∼ e −g 1 r and A ∼ g 1 r which is the UV AdS 4 . For g 1 r ∼ C, the solution becomes
This solution is also physical and preserves N = 3 Poincare supersymmetry in three dimensions. We then find two classes of deformations that break conformal symmetry. One of them with Φ 1 and Φ 2 non-vanishing breaks N = 3 supersymmetry to N = 1 while the other with Φ 1 or Φ 2 vanishing preserves N = 3 supersymmetry. On the other hand, both of them preserve SO(2) × SO(2) symmetry.
RG flows with SO(2) symmetry
The scalar potential and BPS equations for SO(2) diag singlet scalars are far more complicated than the SO(2) × SO(2) case. We will only give the result for a truncation with Φ 2 = Φ 4 = Φ 6 = 0. We have verified that this is a consistent truncation both for the BPS equations and the corresponding field equations. In this truncation, S AB is diagonal
where W is real and given by
the scalar potential can be written as
All of the BPS equations coming from δλ i = 0 and δλ iA = 0 are solved by the following flow equations
after using the projector γ r ǫ A = ±ǫ A . The solution to these equations then preserves N = 3 supersymmetry in three dimensions. Apart from the trivial critical point with all Φ i = 0 and the SO(3) diag with Φ 5 = 0 and Φ 1 = ±Φ 3 = 1 2 ln g 2 +g 1 g 2 −g 1 , the above equations admit no new critical points.
We are not able to solve the above equations analytically for general values of g 1 and g 2 . However, for g 2 = g 1 and Φ 5 = 0, an analytic solution can be found
This solution describes an RG flow from the trivial AdS 4 critical point to an N = 3 non-conformal gauge theory in the IR. At Φ 1 ∼ Φ 3 ∼ 0, the above solution approaches the UV AdS 4
Near the IR singularity r ∼ 0, the solution behaves as
for Φ 1 > 0 and
for Φ 1 < 0. Both of these singularities give V ∼ −∞ and hence are physical. Therefore, the solution gives a gravity dual of an RG flow from N = 3 SCFT with SO(3) × SO(3) symmetry to N = 3 gauge theory with SO(2) symmetry in three dimensions.
SO(3, 1) gauge group
We still work with the n = 3 case but with SO(3, 1) gauge group. The structure constants in this case are given by f
and ǫ i+3,j+3,A are totally antisymmetric with ǫ 345 = ǫ 156 = ǫ 264 = 1.
RG flows with SO(3) symmetry
We now proceed as in the previous section by considering SO(3) ⊂ SO(3, 1) singlet scalars. Under this SO(3), the decomposition of the representation for all 18 scalars is similar to (24) since the SO(3) maximal compact subgroup of SO(3, 1) is embedded in SO(3, 1) as a diagonal subgroup of SO(3) × SO(3) ⊂ SO(3, 3). Accordingly, there are two singlets given by the SU (3, 3) non-compact generators
We then parametrize the coset representative by
which gives the potential
This potential admits a trivial critical point at Φ 1 = Φ 2 = 0 at which the SO(3, 1) gauge symmetry is broken to its maximal compact subgroup SO (3) . The values of the cosmological constant and AdS 4 radius are given by
Scalar masses are given in table 2. We again see that there are three Goldstone bosons. We also find a non-supersymmetric critical point given by
This critical point is however unstable since some of the scalar masses violate the BF bound. All scalar masses are given in table 3. We now consider possible supersymmetric RG flow solutions within the N = 3 SO(3, 1) gauged supergravity. Since we have not found any non-trivial supersymmetric AdS 4 critical points in this gauge group, we will consider only supersymmetric RG flows to non-conformal theories. Similar to the SO(3) × SO(3) gauge group, we find that the BPS equations coming from δλ i = 0 and δλ iA = 0 give rise to the following equations
which again imply Φ ′ 2 = 0. Consistency with the second order field equations requires that Φ 2 = 0. This gives rise to real superpotential.
Follow the same procedure as in the previous section with an appropriate sign choice, we find the relevant BPS equations
Since the operator dual to Φ 1 has dimension ∆ = 4 corresponding to an irrelevant operator, we then expect the AdS 4 to appear in the IR of the RG flow driven by Φ 1 . The solution to the above equations can be readily found
As Φ 1 ∼ 0, the solution gives
which is the AdS 4 critical point. At large |Φ 1 |, we find that for Φ 1 > 0 the solution behaves as
while for Φ 1 < 0, the solution becomes
Both of these singularities are physical since
RG flows with SO(2) symmetry
For SO(2) singlet scalars, the coset representative can be parametrized by
where the SU(3, 3) non-compact generators are defined by
The resulting scalar potential is very complicated. After making a truncation by setting Φ 2 = Φ 4 = Φ 6 = 0, we find a much simpler potential
Apart from the trivial critical point, there are no other supersymmetric critical points from this potential. We now move to the BPS equations. The S AB matrix in this truncation is diagonal and proportional to the identity matrix with the superpotential
As usual, the scalar potential can be written in term of W as
The flow equations are then given by
We are not able to solve these equations analytically. We will therefore only discuss the asymptotic behaviors of the flow solution and leave the full solution for a numerical analysis. Near the AdS 4 critical point, we find
We see that Φ 1 and Φ 3 are dual to irrelevant operators of dimension 4 while Φ 5 is dual to a marginal operator. Actually, Φ 5 is one of the Goldstone bosons.
Near the singularity at large |Φ 3 |, we find Φ
In what follows, we will choose Φ 5 = 0 for simplicity. The asymptotic behaviors of the flow solution are given by
It can also be checked that both of these singularities are physical.
SO(2, 2) gauge group
For n = 3 vector multiplets, there is another possible gauge group namely SO(2, 2) ∼ SO(2, 1) × SO(2, 1). The structure constants are given by with ηĀB = diag(1, 1, −1) and η¯ij = diag(1, −1, −1). We will consider the scalar potential for SO(2) diag invariant scalars. There are six singlets parametrized by the coset representative
The scalar potential turns out be much involved. We will only give the potential for a truncation Φ 2 = Φ 4 = Φ 6 = 0 for brevity
This potential admits an AdS 4 critical point at Φ i = 0, i = 1, . . . , 6 with
. This critical point is however non-supersymmetric. This can be seen by considering the supersymmetry transformations
We see that the only way these variations will vanish is to set ǫ A = 0, so this critical point breaks all supersymmetries. This critical point is also unstable as can be seen from the scalar masses in table 4 On the other hand, a half-supersymmetric vacuum in the form of a domain wall is possible. Use the domain wall ansatz for the metric and proceed as in the previous cases, we find a set of very complicated BPS equations for SO(2) diag singlet scalars. To give an example of this solution, we will consider a simpler case of SO (2)×SO (2) symmetry. Setting all scalars but Φ 3 and Φ 4 to zero results in a simple scalar potential
The gravitini variations give
As in the SO(3) × SO(3) case, only supersymmetry generated by ǫ 3 is preserved.
Carrying out a similar analysis gives the following BPS equations
From these equations, we immediately see that there is no supersymmetric AdS 4 critical point. We can also solve for A and Φ 3 as a function of Φ 4 as follow
where F is the elliptic function of the first kind defined by
However, we are not able to solve for Φ 4 (r) in a closed form. For Φ 4 = 0, |W 1 | = |W 2 |, we find much simpler BPS equations
It should be noted that in this case the supersymmetry is enhanced to N = 3 as in the SO(3) × SO (3) case. An analytic solution to these equations can be completely obtained
The solution preserves N = 3 Poincare supersymmetry in three dimensions due to the projection γ r ǫ A = ±ǫ A . According to the DW/QFT correspondence, this solution should be dual to a three-dimensional N = 3 gauge theory.
We end this section by giving a remark on SO(2, 1) gauge group. This gauge group can be obtained by coupling one vector multiplet to the N = 3 supergravity and gauging the theory by using the structure constant 
The resulting potential and BPS equations for SO(2) ⊂ SO(2, 1) invariant scalars are the same as the above results for SO(2, 2) gauge group with g 2 = 0. Therefore, SO(2, 1) gauge group also admits a non-supersymmetric AdS 4 critical point with all scalars vanishing and a half-supersymmetric domain wall. In particular, the domain wall with SO(2) symmetry has the same form as the solution given in (121).
SL(3, R) gauge group
This gauge group can be gauged by coupling five vector multiplets to N = 3 supergravity. To identify the structure constants f Γ ΛΣ = gf Γ ΛΣ , we define the following SL(3, R) generators
where λ i are Gell-mann matrices. The structure constants can be extracted from the SL(3, R) algebra
There are 
There are accordingly no singlets under SO(3) symmetry. We then consider scalars which are singlets under SO(2) ⊂ SO(3). Further decomposing the above representations give six singlets, each of these representations giving one singlet, corresponding to the following non-compact generators of SU(3, 5)
With the coset representative
we find the following potential
Apart from the trivial critical point at all Φ i = 0, we have not found any other critical points. At the trivial AdS 4 point, we find We will not give the full BPS equations here due to their complexity. To find some supersymmetric deformations of the N = 3 SCFT dual to the AdS 4 critical point, we will consider a truncation to Φ 1 , Φ 2 and Φ 3 . Within this truncation, we find that S AB = 1 2 W δ AB and the system of BPS equations
where the superpotential is given by
We now analyze asymptotic behaviors of the solution near the UV and IR of the flow. Near the AdS 4 critical point, we find
23
We see that
Φ 2 + Φ 3 is dual to a vacuum expectation value of a marginal operator while Φ 3 − √ 3 2 Φ 2 is dual to an irrelevant operator of dimension ∆ = 5. Since a marginal operator does not break conformal symmetry, we expect that the flow involves the operator dual to Φ 3 − √ 3 2 Φ 2 . In this case, the UV SCFT dual to the supersymmetric AdS 4 critical point should appear in the IR since the operator driving the flow is irrelevant at the fixed point.
Near the singularity, we find for large |Φ 2 |,
This leads to a physical singularity and describes an RG flow in the dual N = 3 supersymmetric field theory to a conformal fixed point in the IR.
7 SO(2, 1) × SO(2, 2) gauge group
The last gauge group to be considered in this paper is SO(2, 1)
. This gauge group can be obtained by coupling six vector multiplets to N = 3 supergravity with the following structure constants 
At the vacua, the full gauge group SO(2, 1) × SO(2, 2) will be broken to its maximal compact subgroup SO(2) × SO(2) × SO(2). We will consider scalars which are invariant under the SO(2) × SO(2) residual symmetry chosen to be the first two SO(2)'s. In this case, there are twelve singlets given by
The potential is highly complicated. We refrain from giving its explicit form here but only note that the resulting potential admits a Minkowski vacuum at Φ i = 0, for i = 1, . . . , 12 preserving N = 3 supersymmetry and SO(2) × SO(2) × SO(2) symmetry. It can also be checked that there are precisely six massless Goldstone bosons of the symmetry breaking SO(2, 1) × SO(2, 2) → SO(2) × SO(2) × SO(2).
Conclusions
In this paper, we have studied N = 3 gauged supergravity in four dimensions with various types of semisimple gauge groups and classified their vacua. We now summarize the main results found in this paper. For SO(3) × SO(3), SO(3, 1) and SL(3, R) gauge groups, there exists a maximally supersymmetric AdS 4 critical point at which all scalars vanishing. The critical point has SO(3) symmetry in SO(3, 1) and SL(3, R) gauge groups and SO(3) × SO(3) symmetry for SO(3) × SO(3) gauge group. In the latter case, we have also found a non-trivial AdS 4 critical point with SO(3) diag symmetry and unbroken N = 3 supersymmetry. A holographic RG flow interpolating between the SO(3) × SO(3) and SO(3) diag critical points including a number of RG flows to non-conformal gauge theories have also been given. The non-conformal RG flows break conformal symmetry but preserve N = 3 or N = 1 supersymmetries. A similar study has also been carried out in the case of SO(3, 1) and SL(3, R). These results might be useful in the holographic study of N = 3 Chern-Simons-Matter theories in three dimensions. For SO(2, 1) × SO(2, 2) gauge group, the gauged supergravity admits N = 3 Minkowki vacuum when all scalars vanish. In the case of SO(2, 1) and SO(2, 2) ∼ SO(2, 1) × SO(2, 1) gauge groups, the resulting gauged supergravities admit a half-maximal supersymmetric domain wall as a supersymmetric vacuum. This solution should be useful in the context of the DW/QFT correspondence for studying strongly coupled gauge theories in three dimensions. When all scalars vanish, there exists a non-supersymmetric AdS 4 critical point with SO(2) and SO(2) × SO(2) symmetries, respectively. This critical point and all of the nonsupersymmetric critical points identified in this paper are unstable.
The results have some similarity to the gaugings of N = 2 gauged supergravity in seven dimensions studied in [33] , but in the present case, non-conformal flows with partially broken supersymmetry are possible. It should also be remarked that although we have considered only the G 0 part of the full semisimple gauge group G 0 × H, all of the vacua and solutions we have found are valid in the full theory with G 0 × H gauge group. This is a consequence of the fact that all scalars in SU(3, n)/SU(3) × SU(n) × U(1) we have considered are H singlets. By the argument given in [34] , solutions identified within the scalar submanifold parametized by H ′ × H, with H ′ ⊂ G 0 , singlets are solutions of the full G 0 × H theory.
It would be interesting to identify the SCFTs or non-conformal gauge theories that are dual to the gravity solutions obtained here. Looking for more general domain walls with the truncated scalars restored could be useful since these scalars correspond to relevant operators. From the analysis of this paper, we expect these scalars to break some supersymmetry. Investigating their role in the dual SCFT should give some insight to relevant deformations of the dual three-dimensional SCFT. It would also be interesting to look for supersymmetric Janus solutions which are dual to some conformal interface in the N = 3 SCFTs. A number of these solutions have been obtained within the maximal N = 8 gauged supergravity in [35] .
It should be noted that all gaugings considered here are of "electric" type in which only electric gauge fields are involved. Similar to the maximal N = 8 and half-maximal N = 4 gauged supergravities [36, 37] , it could be interesting to apply the embedding tensor formalism to the N = 3 gauged supergravity and look for more general gaugings such as the magnetic or dyonic gaugings in which magnetic gauge fields also participate in the process of gauging. We then expect many other possible gauge groups will arise from the embedding tensor formalism similar to the N = 4 gauged supergravity with SU(1, 1)/U(1) × SO(6, n)/SO(6) × SO(n) scalar manifold studied in [37] .
The N = 3 AdS 4 critical point with SO(3) × SO(3) symmetry within the dyonic ISO(7) gauged N = 8 supergravity is known [38, 39, 40] , and the holographic study of the possible dual SCFT has been given in [41, 42] . Furthermore, this N = 3 AdS 4 solution has known massive type IIA origin [41, 43] . Similarly, investigating the embedding of the results presented in this paper in higher dimensions could be of interest and will give rise to new N = 3 AdS 4 backgrounds within the context of string/M-theory. We will leave these interesting issues for future works.
